indicate, as in the Therapeutic Substances Act, preparations of fluid media on which the Bacillus tuberculosis has been grown in artificial culture and which have been freed by filtration from the bacilli."
The tuberculin reaction.-The tuberculin reaction is now generally accepted as a.
phenomenon of hypersensitivity (allergy) due to the sensitization of the body-tissues to the products of growth of the tubercle bacillus. It may be either general (systemic) or local, according to the way in which tuberculin is applied to the tissues of responsive individuals. In the former case the tuberculin produces a local lesion at the site of injection, a focal lesion at the site of tubercles in the tissues, and a constitutional reaction, consisting of fever and the accompanying general symptoms of intoxication, which in severe cases may result in death. It is also accepted that the reaction elicited by the application of tuberculin to the tissues of a tuberculous subject is brought about by certain protein fractions of the tuberculin. Such fractions have been obtained by various workers since the time of Koch, but it was not until comparatively recently than an active protein has been isolated. Seibert (1927, 1928) reported the isolation of a water-soluble coagulable protein in crystalline form, obtained from the growth of tubercle bacilli in a protein-free synthetic medium. She has since suggested (Seibert and Mundy, 1931 ) that a specific portion of the protein molecule which is present in the early cleavage products obtained during hydrolysis is responsible for the skin reaction.
Specificity of the tubercutlin reaction.-Experience has established the highly specific nature of the tuberculin reaction. It is recognized, of course, that every case of tuberculosis, either in man or in lower animals, will not necessarily give a positive reaction to tuberculin, and, conversely, positive reactions are occasionally observed in apparently healthy persons and cattle, but from innumerable records of autopsies immediately following tuberculin tests in man and, of course especially, in lower animals, it has been shown that when carefully applied, tuberculin is capable of indicating the presence of tuberculous infection in little short of 100% of infected individuals.
The importance to be attached to this revelation of tuberculous infection varies enormously according to our interpretation of its significance in human beings and in animals under widely differing circumstances.
Diagnostic applications of tuberculin.-Many methods have been devised for the diagnostic use of tuberculin, but only a few have withstood the test of time and are now employed extensively in man and lower animals.
The subcutaneous method, which was the original method of Koch (1890, 1891) causes local, focal, and general reactions in man and animals. Since the danger resulting from focal and general reactions far outweighs the value of positive evidence of infection, the method is now only used to a very limited extent in man.
In cattle, on the other hand, it was, until comparatively recently, the most extensively used test in this and in certain continental countries but has been almost entirely superseded for official purposes in those countries in which a serious attempt has been made to control tuberculosis in cattle.
The Medical Research Council Tuberculin Committee (1925) stated:-" The subcutaneous tuberculin test appears to be a perfectly satisfactory test for the presence of tuberculosis in cattle, when carried out under the laboratory conditions of a scientific trial. It is not a satisfactory test when carried out under ordinary farm conditions; the discrepancies then prevailing are often so numerous as to vitiate the general application of the test for practical purposes." Further, the test must be regarded as unsatisfactory for official purposes in any scheme to eradicate tuberculosis in cattle, if for no other reason than by virtue of the fact that tuberculous cattle can be rendered incapable of reacting to the test by the previous injection of suitable doses of tuberculin. To overcome this difficulty, when there has been reason to suspect that animals have received a subcutaneous injection of tuberculin within a short time before the test, a larger dose of tuberculin -up to five times the amount usually employed has been used. If such information is available, and this is by no means always the case, this precaution may overcome the difficulty in some instances. It has been recognized for a long time that " doping " or " plugging " with tuberculin may vitiate a subsequent subcutaneous test, and advantage has not infreq'uently been taken of this knowledge by unscrupulous persons to get an animal which they know, or suspect, to be tuberculous to " pass " the test. But it is not sufficiently well recognized that unintentional " doping " in the form of intensive testing by the subcutaneous route may lead to a desensitization of some of the animals, so that herds have come to be regarded as free from tuberculosis as judged by this test, when, in fact, they contained a number of tuberculous animals. Another disadvantage of the test in cattle lies in the fact that on account of the focal reaction which it produces, infected animals, and especially those which have tuberculous foci in the udder, may, as a result of the reaction extrude relatively heavy contaminations of tubercle bacilli in their milk. Indeed advantage is sometimes taken of this fact and tuberculin is injected subcutaneously in order to facilitate a positive diagnosis in examinations of the milk from udders which are suspected of containing tuberculous foci. I need not labour the point; sufficient has been said to show that, if for no other reasons than those I have given, the subcutaneous method cannot be regarded as a satisfactory test for cattle.
The ophthalmo-reaction, or conjunctival tuberculin test of Wolff-Eisner (1908) and Calmette (1907) has been discarded for use in man, owing to the severity of the reactions which it sometimes produces. In cattle the test is still employed, but to a limited extent. The tuberculin used is either crude old tuberculin or a purified preparation obtained from'it. In practice the test has not proved sufficiently reliable to warrant its use alone. It is, however, used occasionally in conjunction with some other method.
The cutaneous method of von Pirquet (1907) and the intracutaneous method of Mantoux (1910) are the only widely used tuberculin tests in man at the present time. It has been claimed in the case of the former, that a primary positive reaction suggests the existence of a comparatively recent lesion, while a torpid or secondary reaction indicates the presence of an old lesion in the process of healing. It is, however, generally agreed that a positive reaction indicates a state of allergy due to a sometime tuberculous infection but does not differentiate an active lesion from an infection which is quiescent or overcome. Several modifications of von Pirquet's original technique have been introduced, especially with a view to obtaining quantitative results by means of geometrically progressive dilutions of tuberculin, and thereby deducing the state of the lesions.
Both methods are extensively employed in human medicine and each has its staunch supporters. An excellent summary of reported work has been made by D'Arcy Hart (1932 2) and his conclusions, based upon his own work and that of others, show that, when care is taken in the application of the method and in interpreting the results, the intracutaneous test is the most satisfactory tuberculin test in man.
In cattle, tests of the von Pirquet type are impracticable as a routine measure. In white-skinned animals it is possible to detect some degree of erythema, but on account of the comparative thickness of the skin and of the much lower degree of sensitiveness of tuberculous cattle to tuberculin, compared with man and guinea-pigs, it is almost impossible to assess the result of these tests with any degree of precision.
The intradermal reaction may be obtained on any part of the surface of the body, but certain regions are obviously to be preferred. Moussu and Mantoux suggested the subcaudal fold in cattle and this site is still used extensively, especially in the United States of America while others (Lignieres, Roemer and Joseph, Bang, Jensen, Christiansen) preferred the side of the neck. Joseph (1909) gave a full account of the test in the neck and recorded the results in cattle, based upon measurements of the skin-fold at the site of the injection.
The Tuberculin Committee of the Medical Research Council (1925) recommended a modification of the technique employed by earlier workers. Briefly the test consists of the introduction of 0 1 c.c of concentrated tuberculin into the deeper layers of a measured fold of skin. At the 48th hour, a positive response in the form of an cedematous swelling may have resulted, but if the reaction is in the nature of a hard, circumscribed and painless swelling which characterizes a negative reaction, a second dose, also of 0 1 c.c. of tuberculin, is injected into the centre of the swelling. In animals which are not sufficiently sensitive to react to a single dose of tuberculin, the first inoculation serves the purpose of sensitizing a limited area of skin to the second dose.
Tuberculin sensitiveness in cattle.-The extensive use of intracutaneous tuberculin tests on cattle has raised several points of interest in connexion with the capacity of these animals to react to tuberculin applied in this manner.
While there is no reason to believe that there are any significant differences in the qualitative results of the intradermal test in the various species susceptible to tuberculous infection, there are marked variations in the degree and character of the skin-sensitiveness.
The relatively large doses of tuberculin that are necessary in applying the test to cattle are in marked contrast to the much smaller amounts that are capable of revealing specific sensitiveness in man or in the guinea-pig. Although this difference may depend to some extent upon the relative thickness of the bovine skin, it is unlikely that this is entirely responsible for the lower degree of sensitiveness in cattle and it is reasonable to suppose that the cutaneous tissues in the bovine subject are less responsive than are those of the other species. Whereas in man, cutaneous reactions can frequently be obtained with dilutions of 1 :1,000 and even up to 1 :10,000, and similar responses can be obtained in guinea-pigs at a certain stage of tuberculous infection (Eagleton and Baxter, 1923; Okell, 1929) , in cattle it is necessary to employ concentrated tuberculin as a routine procedure. While it is true that definite positive reactions may be obtained with 0-01 c.c. and even with 0-001 c.c. of " O.T." and that in animals which are highly allergic, reactions of a gross character may result from the injection of the usual dose (0 1 c.c.) of the concentrated product, it is certain that in the majority of cattle the sensitiveness is of a much lower order. In the course of an ordinary tuberculin test in an infected herd of cattle, the response to a dose of 0 -1 c.c. of concentrated tuberculin is, on the average, of a moderate intensity; moreover, while some indication of a reaction may be given to the first dose, it is necessary, in a proportion of the animals, to follow this with the second dose in order to obtain a definite result from the test. Experience has shown that in many of these instances the animals are in an advanced stage of the disease and their detection is therefore of the greatest importance.
The nature of the non-specific reaction.-In the human subject, the term " nonspecific reaction " is generally applied to the positive type of response to a non-specific reagent, such as glycerine-veal-broth, when it occurs in a tuberculous subject. In referring to non-specific reactions in cattle we use the term in a slightly different sense as indicating a reaction in non-tuberculous animals to either tuberculin or concentrated glycerine-veal-broth and reserve the term pseudo-positive reaction for non-specific responses in the tuberculous subject. The injection of 0-1 c.c. of tuberculin or of the same amount of concentrated veal broth into the skin of non-tuberculous cattle gives rise to a hard, circumscribed, painless swelling about the size of a pea or a bean. It is evident therefore that there is a basic reaction of the tissue to some constituent common to both products which is designated the non-specific reaction. In the human subject, Willis (1932) has reported that a solution of 50% of glycerine in distilled water or normal saline solution produced in non-tuberculous persons a distinct nodular swelling that persisted for four or five days and might have been mistaken for a positive reaction to tuberculin. In the guinea-pig pseudo-positive reactions have been observed with as low a proportion of glycerine as 5% (Allen, 1931 ). On the other hand, D'Arcy Hart (19321) , in the course of a careful inquiry into the specificity of skin-reactions in man, examined the different constituents of concentrated glycerine broth with reference to their power of inducing reactions in the human skin. He found that glycerine was not responsible for the production of non-specific responses, even when employed in a concentration of 50% (5% glycerine evaporated to one-tenth of its volume), but of the other substances contained in the broth, both the peptone and the veal extract were capable of eliciting skin-reactions, although comparatively large amounts were required.
A study of the various components of glycerine-veal-broth in respect of their power of eliciting a non-specific dermal response in calves has shown that no appreciable reaction results from the injection of mixtures of glycerine with saline solution or broth in proportions as high as 50%, or with a one-per-cent. veal infusion, with or without peptone, concentrated to one-tenth of its volume (Glover, 1933) .
In other words, each of the ingredients of concentrated glycerine-veal-peptone-broth is incapable, by itself, of producing the non-specific type of reaction. When, however, a glycerine-peptone-veal broth is reduced to one-tenth of its volume by evaporation, it would seem that a substance is elaborated which is responsible for the bean-like swelling. It is believed that this substance, which is also present in " O.T.," is elaborated by the action of the glycerine on the protein components during the process of evaporation.
The comparatively low order of the skin-response to tuberculin in the case of cattle necessitates the use of a highly potent tuberculin in these animals. Koch's " O.T." meets this requiremnent, but raises some difficulty in differentiating the reactions just described from those of the slight diffuse positive type. In the hands of one who is expert in applying and interpreting these tests, little difficulty is experienced, but inasmuch as most of the routine testing of cattle has to be undertaken by veterinary surgeons who are not continuously engaged in the work, and who therefore have less opportunity of observing and appreciating such minute details, it is of advantage to use a control fluid consisting of concentrated glycerineveal-peptone-broth for purposes of comparison.
The difficulty can, however, best be overcome by the use of tuberculin consisting of a solution of tuberculo-protein obtained by the precipitation of the active principle from a synthetic medium in which the tubercle bacillus has been grown. We have shown (Buxton and Glover, 1932-33 ) that a simple extraction with ammonium sulphate, followed by solution of the precipitate in a mixture of glycerine and tap-water, provides a form of tuberculin which is very suitable for the testing of cattle by this method.
With this preparation there is an almost entire absence of response in the non-tuberculous animal, while in tuberculous cattle the reactions are equal in intensity to those induced by a comparable dose of " O.T."
In this connexion the possibility of sensitization to tuberculo-protein requires consideration. Numerous attempts have been made to sensitize animals by repeated injections of "O.T. ", but since these efforts have been uniformly unsuccessful, it is unlikely that non-specific reactions to old tuberculin can occur in cattle. In the case of purified forms of tuberculin Seibert (1933) has shown that repeated injections of unheated purified tuberculo-protein were capable of inducing a specific cutaneous sensitization to the homologous antigen and that this response simulated an ordinary tuberculin reaction in a tuberculous subject. She believes that modification of the protein by heat has accounted for previous failures to elicit phenomena of the Arthus type. Aronson and Nicholas (1933) have shown that the intradermal inoculation of an unheated purified tuberculin (M.A. 100) in the human subject may lead to sensitization in a certain number of individuals when re-tested on a subsequent occasion. These results have been confirmed by other workers and show quite clearly that under certain circumstances undenatured tuberculo-protein may induce a state of hypersensitiveness to itself. Experiments carried out by R. E. Glover, at Cambridge, on the effects of the parenteral introduction of unheated tuberculo-protein have shown that allergy may be produced in the guinea-pig so that it gives a skin reaction which exactly resembles a positive tuberculin reaction, whereas no reactions were produced in guinea-pigs which had received heated tuberculo-protein. It would seem, therefore, that heat, probably by altering the nature of the specific protein, removes from tuberculin the power of sensitizing the skin.
The fact that the precipitated synthetic medium tuberculins which we have prepared have been steamed for two hours previous to precipitation should remove any risk of their being capable of sensitizing the subjects to tuberculin. Experiments on calves have confirmed this supposition. A number of non-tuberculous animals have been repeatedly tested intradermally with a heated precipitated synthetic medium tuberculin, several injections being made at different sites in the skin of the neck. The amounts of this tuberculin introduced have varied from 0-2 c.c. to 1-6 c.c. and the intervals between the injections from 3-4 weeks up to 9 months. At no time has there been any evidence of sensitization by the tuberculo-protein to subsequent injections of the same product (Buxton and Glover, 1933) .
Fluctuations in sensitiveness.-In the course of routine tuberculin-testing, concentrated glycerine-veal-broth is often used as a control measure, and in this capacity is of considerable help in facilitating the differentiation of negative reactions and those which exhibit a very sliglhtly cedematous appearance and are properly classified as positive reactions. It has been found, however, that, on rare occasions when the two substances have been used simultaneously on a reacting animal, the concentrated glycerine broth has induced a reaction resembling a, positive tuberculin reaction by reason of the presence of some cedema. Reactions of a similar nature have been observed in man and in other species. D'Arcy Hart (19322) has shown that, whereas individuals who are negative to a 1: 1,000 dilution of tuberculin almost invariably give a typically negative response to concentrated glycerine-broth, many patients who are markedly tuberculin-positive possess a sensitiveness for the broth.
In the case of cattle, an inquiry into those instances in which the glycerine broth has appeared to give a pseudo-positive response, has usually elicited the information that, firstly, the two products were injected in close proximity on the same side of the neck, and secondly, that the reaction to the tuberculin was very marked. Pseudo-positive reactions to glycerine broth have not been observed in those subjects in which the tuberculin reaction has assumed the form of a slightly diffuse swelling. This phenomenon seems to suggest that under certain circumstances, a local non-specific sensitiveness to glycerine-veal-broth may sometimes arise in the highly allergic animal. Glover has found that in cattle this type of sensitiveness is purely a local reaction. By selecting animals with a high and a low allergic reaction to tuberculin at a given point on one side of the neck, and then making a series of inoculations of concentrated glycerine-broth at varying distances from it he was able to show that in animals in which the allergic response was slight, the swellings induced by the glycerine broth were invariably hard and circumscribed, irrespective of their distance from the tuberculin swelling. On the other hand, in animals showing a large oedematous reaction (25-35 mm.) to the tuberculin, the injections of glycerine broth at distances of from 3 in. to 6 in. sometimes acquired a pseudo-positive character, while similar injections on the opposite side of the neck were definitely negative. It is evident, therefore, that pseudo-positive sensitization in such instances is restricted to an area of the skin in close proximity to the tuberculin reaction, and is also closely related to the allergic state of the animal. These observations are in accordance with accepted views on cutaneous reactivity in tuberculin sensitive subjects to various non-specific protein substances (Tytler, 1930) .
Conversely it has been shown that in laboratory animals the skin can be desensitized by a series of increasing doses of tuberculin given by the subcutaneous route (Boquet, 1932) , but there is no indication that the intradermal injection of tuberculin will bring about the same result. Recent experiments by Boquet and Valtis (1933) suggest that in guinea-pigs the responsiveness of the skin is not influenced by previous injections of tuberculin, since they found that the injection of tuberculin into a previous site induced a response which was equal in intensity to the reactions at other points of the skin. There seemed, therefore, to be no evidence of a local desensitization.
In cattle, one of the advantages claimed for the double intradermal test is that it is reliable on repetition. Experiments which I carried out (Buxton and MacNalty, 1928) showed that cattle receiving repeated large doses of tuberculin by the subcutaneous route, continued to give marked reactions to the double intradermal test. Further, the repeated application of the intradermal test at short intervals showed no evidence of a cutaneous desensitization, since the intensity of the reactions to succeeding injections of tuberculin was not diminished. In these tests, however, a fresh situation was chosen for each inoculation. We have since shown that, just as localized areas of hypersensitiveness may be induced, so areas of diminished sensitiveness may arise, and we have obtained evidence that an 6 262 intradermal injection of tuberculin may result in a temporary decrease in the allergic reaction of the tissue in the immediate vicinity. In these experiments calves which had reacted to a single intradermal injection of tuberculin were re-tested at varying intervals, both at the site of the original injection and also at selected points at increasing distances from it. In several instances it was found that the original site, together with an area of about 2 inches in radius around it, was markedly less sensitive to the second injection, whereas the more remote injections produced an intensity of reaction equal to a control-injection on the opposite side of the neck. It is evident, therefore, that care should be exercised in selecting the area of skin to be used for intradermal tests and that, if there is any reason for supposing that a previous injection has been made at that site, it should be avoided. This observation suggests that the use of the subcaudal fold in cattle as a suitable site for repeated injections with tuberculin, has definite limitations, owing to the restricted area which is available for the purpose. The ultimate r6le of tuberculin in the control of tuberculosis in man or in cattle cannot be definitely forecast in the light of our present knowledge. Unremitting attempts to acquire a fuller understanding of the limitations of the tests have done much to increase the intelligent use of tuberculin and the interpretation of the real significance of possible implications revealed by its use.
The comparative delicacy of the sensitiveness of the human skin, in conjunction with greater facilities for accurate clinical diagnosis, renders feasible much wider interpretations of positive reactions in man than can be hoped for in the case of cattle, for-while in the latter we can still only say that a positive reaction to tuberculin means essentially that the reacting animal has at some time been infected by the tubercle bacillus, and, in the absence of gross clinical symptoms, nothing more-in man there is hope, that with further experience it may yet be possible to differentiate the allergic response in cases of quiescent tuberculosis from that exhibited by active forms of the disease. Such a differentiation, if it can be established, will play an enormous part in determining not only the relationship of immunity to susceptibility but also the conditions under which infection protects against, rather than produces, active disease.
In man, also, it must play a highly important part in an epidemiological survey of the disease, by assisting to establish such important considerations as the relative significance of heredity and contagion in non-bovine tuberculosis both in children and adults, not merely as regards the inheritance of a predisposition to infection but also in respect of the relationship of hereditary factors to post-infectional development. Again improvements in and standardization of the technique employed, have rendered possible the determination and correlation of factors concerned with the epidemiological study of the disease in relation to environmental and occupational conditions. The next few years should see a marked development of measures based upon the use of tuberculin in the control of tuberculosis in man.
In the case of cattle-tuberculosis, the position is rather different but, in its way, not less important. Any attempt to control the incidence of the disease, based upon voluntary measures, will stand or fall according to the results of tuberculin-testing on a large scale.
Continuous attempts have been made over a number of years to acquire a working knowledge of the many difficulties which are likely to be met with under the conditions of extensive testing in this country.
Experience has been gained from the study of repeated tuberculin tests in herds under the Milk (Special Designations) Order, and as a result it is no exaggeration to say that, standing, as we hope we are, on the threshold of a new era of tuberculosis control in cattle, we are far better equipped for the struggle than was the case even
